Five treatments were performed to examine the effects of biochar and compost, applied separately or in combination, on plant growth of mung bean (Vigna radiata) and soil properties in a semi-arid area of northeast China. The results showed that biochar and compost produced positive impacts on both the plants and the soil, with these effects dependent upon the biochar to compost ratios. In addition, the changes in biomass and growth indices vary according to the growing phases: with the medium to late growing phases showing more prominent responses than the early phase. The total organic carbon and electric conductivity were increased by the soil amendments, especially in the biochar-compost combination treatments (P<0.05). Addition of biochar-compost lowered the soil bulk density relative to the control (P<0.05). Also notably, the biochar-compost treatment enhanced the water holding capacity, which is highly desirable for sandy soils. In short, synergic effects of biochar and compost were documented in promoting plant growth, biomass accumulation, yield and in improving soil properties.
Introduction
Desertification is becoming a global problem, and this is especially the case for farmland, threatening food security of large proportions of the world population. Sandy soils are susceptible to wind erosion and evaporation, severely compromising the productivity of agricultural crops. To deal with this issue effectively, we are inspired by the practice of the pre-Columbia people who left behind sustainably fertile soils well known as terra preta ("black earth" in Portuguese), rich in organic matter and nutrients, achieved by adding charred residues (biochar) along with animal excrements and household wastes; this ancient technique could serve as a model for today's sustainable agriculture (Schulz and Glaser, 2012) . Biochar, representing plant biomass-derived materials contained within the black carbon continuum (Warnock et al., 2007) , can increase the water holding capacity of sandy or arid soils (Bonelli and Ramos, 2006) . Dugan et al. (2010) showed that a certain rate of maize stover biochar increased the water holding capacity of sandy soil by 349-481%. This is possible simply owing to the fact that the specific surface area of biochar is thousands of times higher than that of the sandy soil particles.
Another line of research has focused on the beneficial potentials of utilizing compost. It has been demonstrated that compost is able to improve soil physical properties; examples of such benefits include reduced bulk density, lowered erosion, increased aggregation stability (Kong et al., 2005) , higher available water holding capacity (Carter et al., 2004; Evanylo et al., 2008) , larger pore volumes and better hydraulic conductivity (Carter et al., 2004) . Compost is also helpful in improving soil chemical properties concerning nutrient levels, cation exchange capacity (Ouédraogo et al. 2001) etc. As a manifestation of all these advantages, compost improves growth, productivity and quality of agricultural crops (Lehmann et al., 2003) . However, little is known about biochar-compost interactions, especially about whether they have synergisms in influencing the availability of soil nutrients in sandy soil, leading to increases of plant growth and crop yield. The objective of this study was to examine the effects of biochar and compost as applied separately vs. in combination in a semi-arid area of northeast China.
Materials and Methods

The Experimental site
The experimental site is located in She-li County Effect of Soil Amendments on Mung Bean and Soil / Int. J. Agric. Biol., Vol. 18, No. 5, 2016 (45°33′44″N, 123°22′66″E) ; and ash content, 17.54%. The compost used was pig manure near the experimental area. Element composition: C, 22.68%; N, 2.45%; P, 0.896%; and K, 1.429%.
A medium-sized field study was designed with the following five treatments (each with three replicates), all without inorganic fertilizer added: "CN" (control, no biochar and compost added); "BC10" (10 t ha -1 biochar); "CP" (20 t ha -1 compost); "BC5 + CP" (5 t ha -1 biochar + 20 t ha -1 compost); "BC10 + CP" (10 t ha -1 biochar + 20 t ha -1 compost). A total of 15 plots were included, each being 8 m×8 m (soil depth: 15 cm), with a 1-m isolation belt between neighboring plots. For each treatment, the amendments were mixed evenly in the respective plots by a rot cultivator 3 times on May 1, 2013, and incubated for one month before sowing of seeds.
Experimental Methods
Hand-selected seeds of mung bean (Vigna radiata) were sowed on May 30, 2013 at a row space of 60 cm and a cave space of 10 cm, with 80 seeds each row for a total of 13 rows per plot. About 20 days after sowing, thinning was performed so that 40 seedlings were maintained for each row to maturity. Growth indices (plant height, stem diameter and root length) were collected at multiple time points (for 10 plants per plot). Chlorophyll concentrations of leaves were measured using an SPAD-502 chlorophyll tester. The dry biomass, the 1000-kernel weight and single plant yield were all measured for randomly chosen 15 plants from each plot, after a 24-h oven-drying at 70℃. The field yield per hectare was estimated using the following formula: SPY × 490 × 10000 m 2 /8 m × 8 m. Where: SPY is mean single plant yield and 490 is the number of plants per plot at the harvest time.
Before the experiment and after harvesting, five soil cores (each 5 cm in diameter and 15 cm in depth) from each plot were obtained with boring augers. After air-drying, physical and chemical properties of the soil samples were examined. Soil pH (soil: water is 1:5) and EC (soil: water is 1:5) were read with a pH meter (PHS-3C) and EC meter (DDS-307a), respectively. The total OC was analyzed using the Potassium Dichromate Oxidation method. Total nitrogen contents were determined by the Kjeldah method. A 100 cm 3 of undisturbed soil sample was collected by soil cutting rings, then oven dried at 105℃ for 12 h, and weighed, for calculating soil bulk density. The oven-dried soil cutting rings were left in a tray containing water for 24 h, followed by draining for 2 h, and weight was taken to determine the water holding capacity (WHC) of the soil samples.
ANOVA was conducted to determine the differences between treatments. Significant differences were tested using LSD at 5% level and 1% level. All figures were generated using Sigma Plot 10.0 software.
Results
Effects of Soil Amendment on Mung Bean Biomass and Yield
The biomass data for all treatments were displayed in Fig. 1 , for the three time points examined: early growing phase (about 30 days after sowing, DAS); medium growing phase (about 50 DAS); and harvest time (100 DAS). During the early growing phase, there were no significant differences between amendment-treatments and the control. During the medium growing phase, biomasses were significantly higher in the amendment-treatments than in the control (P<0.01), with the highest biomass in the "BC10 + CP" group (both for the aboveground and underground portions), followed (in a decreasing order) by the "BC5 + CP", "CP" and "BC10" treatments. During the harvest time, the gaps among the various treatments were not as prominent, with biomasses of the "BC5 + CP" and "BC10 +CP" treatments significantly higher than the control (P<0.05; the "BC5+CP" treatment showing the highest value), while the "BC10" treatment had no significant effect on the biomass of plant (both aboveground and underground portions) over the control.
The field yield data exhibited a similar pattern (Table  1) . The "BC10 + CP" treatment gave rise to the highest field yield, followed (in a decreasing order) by "BC5 + CP", "CP" and "BC10", with increases (over the control) by 134.86%, 118.21%, 86.48% and 52.73%, respectively. The 1000-kernel weight of the "BC5 + CP" group was the highest and also significantly different from the control (P<0.05), while the "BC10 + CP" and "CP" treatments appeared higher than the control, yet not in significant level. The "BC10" treatment appeared slightly lower than the control, but not in significant level.
In short, the "BC10 + CP" treatment had the highest contribution to the yield, while the "BC5 + CP" treatment had the highest contribution to the kernel weight as well as the biomass of the crop.
Effect of Soil Amendments on the Growth of Mung Bean
The growth indices of Mung bean collected at the three time points were provided in Fig. 2 . While the main roots in the amendment treatments were longer than in the control, only the "BC10 + CP" resulted in a significant difference at the 0.05 level. The amendment treatment increased stem diameters mung bean plants, a trend becoming increasingly obvious with the progression of plant growth. For example, in the "BC5 + CP" and "BC10 + CP" treatments, the stems were significantly thicker than those in the control during the early growing phase (P<0.05); this trend became further expanded during the late growing phase. Effects on plant height is a different scenario: during the earlier growing phase, not significant differences were observed, but amendment treatments were found to have significant promoting functions in the late growing phase.
Chlorophyll contents in all amendment treatments were higher in the control during the medium growing phase, and all combination treatments resulted higher chlorophyll contents than the single applications (biochar/compost). However, with the spreading of leaves, the gaps were narrowed down, with values from only the combination treatments significantly higher than the control (P<0.05).
The Effect of Soil Amendments on the Physical and Chemical Properties of the Sandy Soil
Addition of amendments did not significantly affect either the total N, available N, K or the pH level of the soil (Tables  2 and 3) , while the pH level in "BC10" treatment was higher than others, but not in significant level. The available P in "BC5 + CP" and "BC10 + CP" treatments were higher significantly than in the control. The EC values were significantly different between all amendment treatments and the control. The TOC in the "BC10," "BC5 + CP" and "BC10 + CP" treatments were significantly higher than in the control. It can be seen from Table 3 that the "BC10 + CP" treatment led to the highest increase in WHC (being 5.44% higher than the control, P<0.05) and the specific gravity had no significant differences among the treatments. The bulk density declined in all amendment treatment, showing a from-high-to-low order as follows: "CN", "CP", "BC10", "CP", "BC5 + C", "BC10 + CP", with the lowest level in "BC10 + CP" and "BC5 + CP" treatments, both being significant lower than the CN (P<0.05).
Discussion
Our results showed that addition of soil amendments increased plant growth, biomass and yield of mung bean. It is interesting that although this enhancement is characterized by a biochar-compost synergic effect; that is, the "BC5 + CP" and "BC10 + CP" treatments promoted more growth than "CP" or "BC10" alone. We further noticed that both the biomass and growth responded differently according to the growing phases; Briefly, plant heights were not significantly different among the various treatments during the early growing phase, but they became more significantly differently from the medium growing phase on. This pattern could be attributable to the slow nutrient releasing feature of biochar and compost. For mung bean, as a grain crop, the correlation between yield increase and soil amendments is of particular importance. Our estimated kg ha -1 values for the "BC10 + CP", "BC5 + CP" and "CP" treatments were 1701.8, 1581.2 and 1351.2, respectively all above the national average mung bean yield (1285.5 kg ha -1 ) in 2010 (Liu, 2012) . This finding strongly validates the long-claimed benefits of biochar and compost, especially when applied in combination, in improving the quality of sandy soils. As another line of support for this conclusion, we found that chlorophyll contents of mung bean leaves from amendment treated groups were higher than in the control; this could lead to more effective photosynthesis.
When the soil physical-chemical properties were examined, we noticed that the influence of the amendment treatments is a complicated issue. Although the pH, the total N, available N and K did not show significant differences between the amendment treatments and the control, the available P in "BC5 +CP" and "BC10+CP" treatments were higher significantly than in the control. The small different of pH level between BC and non BC treatment may because the high pH background of the test soil. The WHC, TOC and available P concentration of soil were increased with biochar applied alone or in combination with compost. The bulk density declined with the addition of amendments, especially when biochar and compost were applied together. Earlier, it was reported that biochar by itself will not contribute meaningful amounts of nutrients given its high stability (Granatstein et al., 2009; Tammeorg et al., 2014) ; hence, biochar applications have been considered as supplying soil conditioners rather than nutrients (Steiner et al., 2007) . However, due to its high carbon content, biochar can bring up the TOC levels of the soil.
Water is another major parameter influencing soil quality, especially for sandy soil. Arid or semi-arid soils have very low water holding capacities (WHC), limiting plant growth and yield production; therefore, increasing WHC could potentially improve crop yields in areas with these soil types (Suzette et al., 2011) . Many studies have shown a positive correlation between applications of biochar and/or compost and enhanced WHC (Tryon, 1948; Glaser, 2002; Cheng et al., 2006; Laird, 2008; Dugan et al., 2010) . In the present study, we did observe a biochar-compost synergistic effect for water retention in sandy soils. This is conceivable, because biochar decomposition rates and overall surface reactivity would increase as long as compost is available. Hence, with a continuous nutrient supply from the compost, biochar which acts as a soil conditioner will significantly improve soil tilth, productivity, nutrient retention and availability to the growing plants (Glaser, 2002) .
Conclusion
Combined compost and biochar is likely to have a number of benefits compared to mere mixing of biochar or compost with soil. Soil amendments with biochar and compost exhibited synergic effects on plant growth, biomass accumulation and yield production of mung bean, and these effects are related to the improved soil properties. It should be noted that biochar and compost combined in different ratios resulted in wide ranges of changes on both the plant and the soil sides. Also, the synergism mechanism impact of biochar and compost was not clear until now, so more research are needed for testing the affection of different soil amendments on the plant growth, yield, health and the soil properties, contamination cleanup and so on in future.
